Introduction
Uganda has experienced rapid economic growth over the past fifteen years, with concomitant reductions in poverty (Appleton, 2001 ). This progress has been heralded as an impressive exception to African countries' economic stagnation, and rightly so. But despite this progress, there is concern in Uganda that living standards are not improving by anything like the quantitative analysis of household expenditures suggests. Both of Uganda's participatory poverty assessments find that focus group participants and key informants are only slightly more likely to say that poverty has declined rather than increased in their community (UPPAP, 2000 (UPPAP, , 2002 . In addition, there is concern among policy makers and stakeholders that other dimensions of wellbeing, especially health, are not improving over time despite the substantial increases in Ugandans' incomes (Ministry of Finance, Planning, and Economic Development, 2002; Task Force on Infant and Maternal Mortality, 2003; Uganda Bureau of Statistics, 2001; Ssewanyana and Younger, 2004) . To date, most of this concern has centered around infant and child mortality rates, which improved rapidly as the country emerged from the protracted civil conflicts of the 1970s and 1980s, but then leveled off in the mid-1990s, even though economic growth continued.
This paper pursues a similar concern, but regarding a separate indicator of well-being, children's heights. The literature in nutritional sciences includes a wealth of studies showing that, in poor countries, children's height is a particularly good summary measure of children's general health status (Cole and Parkin 1977; Mosley and Chen, 1984; WHO, 1995) . As summarized by Beaton et al (1990) , growth failure is "…the best general proxy for constraints to human welfare of the poorest, including dietary inadequacy, infectious diseases and other environmental health risks." They go on to point out that the usefulness of stature is that it captures the "…multiple dimensions of individual health and development and their socio-economic and environmental determinants (p. 2)." We believe that health is an important dimension of human well-being. In Sen's terms, good health is a basic capability (Sen, 1979 (Sen, , 1985 (Sen, , 1987 . In addition, children's height is an interesting dimension of well-being to study because, surprisingly, it is not highly correlated with standard measures like income or expenditures per capita (Appleton and Song 1999; Haddad et al 2003) . 1 Studying the change in children's health status, then, is a good complement to Appleton's work on changes in economic measures of well-being in Uganda.
In addition to presenting basic data on the evolution of children's heights over time, to the extent that the data permit, we strive to be policy relevant by relating various indicators of policy to children's heights. This includes some obvious variables such as information on the availability of a variety health care services, but some less obvious ones, such as the shares of household income coming from home production, commercial agriculture, and other off-farm sources. The latter is particularly relevant in the context of the Plan for Modernization of Agriculture (PMA), a major policy initiative that is an essential part of the country's overall Poverty Eradication Action Plan (PEAP) (Ministry of Finance, Planning and Economic Development, 2004 ; Ministry of Finance, Planning and Economic Development, and Ministry of Agriculture, Animal Industry and Fisheries, 2000) .
Data
The data for this study come from two standard household surveys, the Demographic and Health Surveys (DHS), and the Uganda National Household Survey (NHS). The three DHS surveys, carried out in 1988 DHS surveys, carried out in , 1995 DHS surveys, carried out in , and 2000 , are especially useful because they span a relatively long time period. Further, the three surveys are very closely comparable, having similar questionnaires. This allows us to pool the three data sets, yielding a large sample with which to investigate the correlations between policy and children's health. There are, however, two important limitations to the DHS. First, due to a variety of localized civil conflicts, the sample frames are not identical for all three surveys. The first survey, in particular, did not sample about 20 percent of the population in the north and, to a lesser extent, west of the country. In order to combine all three surveys, we use only data for children residing in areas included in all three DHS surveys.
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The second limitation of the DHS data is that they do not include an income or expenditure variable. Nevertheless, Montgomery, et al. (2000) , Filmer and Pritchett (2001) , Stifel (2003), and Sahn (2000) have all shown that it is possible to construct a welfare variable from DHS data whose statistical properties are comparable to the standard household expenditure variable. All of these authors use either principal components or factor analysis to generate an index of household assets -including durable consumer goods, productive assets, and household education levels. In this paper, we use factor analysis to create an index based on consumer durables that the household owns and the household head's years of education (Sahn and Stifel, 2000) . Appendix 1 gives details of the index and its estimation.
Finally, the DHS data do not include variables on agricultural activity that would allow us to relate the PMA to children's health status. To address these issues, we use the 1999 NHS data. While the sample size is smaller, this survey includes a rich set of data on household's agricultural activities, and on other income-earning activities.
For both surveys, the sample comprises children under the age of 60 months (five years). For the DHS, these are the children of one woman age 15-49 selected randomly from each household in the sample. For the NHS, the sample is all children in the sample households.
The dependent variable of interest in all of the analyses is children's height, standardized by age and gender, and compared to a population of healthy children. This is done through the use of a height-for-age (and gender) z-score, defined as:
where x i is a child's height, x median is the median height of children in a healthy and wellnourished reference population of the same age and gender, and σ x is the standard deviation from the mean of the reference population. 3 Thus, the z-score measures the number of standard deviations that a child's height is above or below the median for a reference population of healthy children of her/his age and gender. We will describe the remaining variables in section 4 below.
3.
Children's Height over Time in Uganda -Cause for Concern Table 1 gives basic descriptive statistics for the height-for-age z-scores in the three Uganda DHS surveys. As with infant mortality rates (Ssewanyana and Younger, 2004) , we see a marked improvement between 1988 and 1995, a result that is not too surprising given that Uganda was recovering from a civil war in this period, and then a modest and statistically insignificant deterioration between 1995 and 2000. It is possible to create a more detailed time series of children's heights with the DHS data.
Because each survey collects anthropometric data for children up to five years old, the DHS data provide heights and weights for children born in the five years immediately prior to the survey. So it is possible to find average z-scores for annual birth cohorts. There is, however, an important bias in this calculation. In malnourished populations, standardized heights tend to decline with age for children up to two or three years of age (Martorell and Habicht, 1986) . Because the children born farther from the survey are older, their cohort will tend to be shorter relative to a healthy population than the younger cohorts born near the survey date. To correct this, we regress height-for-age z-scores on a quartic function of age plus a constant, and then consider the residual of that regression as an "age-adjusted height-for-age z-score." Figure 1 gives the results of this calculation. The diamonds are the simple annual averages; the solid line is a nonparametric regression of the age-adjusted height-for-age z-score on the year of birth; 4 and the dotted lines show two standard deviations above and below the regression curve. Both the simple averages and the regression line show clear improvements in children's health status beginning in the late 1980s through the mid-1990s. This was also a time of rapidly rising incomes. The averages are more difficult to interpret in the late 1990s because they vary significantly from year to year. The regression line, though, shows a clear reversal of the improving HAZs beginning in 1997. By 2000, the regression line is (just) outside the lower bound of the confidence interval for 1997, despite the fact that incomes continued to rise during this period. Clearly, something important changed with respect to children's health in the late 1990s. We now turn to multiple regressions to try to understand the determinants of children's heights and, inter alia, the reasons for this puzzling decline. We first consider the effect of a variety of household, child, and mother's characteristics on children's standardized height, using the combined DHS samples of children under five years old born to mothers age 15-44 at the time of birth. The strategy is a simple reduced form OLS regression. A brief description of the data follows.
The sample is a combination of the first three rounds of DHS surveys in Uganda, with the following restrictions. First, while the full DHS sample includes women age 15-49, we eliminate women who were older than 44 at the time of their child's birth to avoid a potential bias from sample truncation. Because we are lagging off the sampling date by up to five years, mothers of children who are older at the time of the survey could not have been older than 49 less the child's age at the time of the survey. Since mother's age is correlated with children's nutritional status, a truncation bias could result, since the older children in the sample would have systematically younger mothers. To correct for this, we include only mothers between 15 and 44 at the child's date of birth, which reduces the sample of children by less than one percent. A second limitation on the sample is that not all districts in Uganda were sampled in each round of the DHS because of the civil conflict at the time of the surveys. We limit our analysis to only those areas that were sampled in all three DHS rounds, which reduces the sample of children by 11 percent. Because this is a large share of the sample, we have checked that none of our key results are sensitive to this limitation.
For the household, we consider whether the household resides in an urban or rural area and the region of residence, with Central region, home of the capital city, being the left-out category. We also include the log of the household's asset index, described in Appendix 1. Finally, we include information on the household's main source of drinking water and toilet facilities. For water, the left-out category is a surface source (lake, stream, etc). For toilet facilities, it is no toilet.
For the children, we include gender, age, and whether the child is a twin, triplet, etc. All of these factors are known to influence children's height (Martorell and Habicht, 1986; Wilson, 1986) .
For the mothers, we include educational attainment, which can affect children's heights directly through the mother's ability to obtain and process health information, and indirectly through the mother's ability to earn income, although to some extent, the asset index should also capture the latter. We also include the mother's age and, in some regressions, height. These are also known to influence children's heights. Unfortunately, mother's height is not available for the 1988 data, so its inclusion limits the sample size and the time frame over which we have estimates. Thus, we do not include it in all regressions. Finally, we consider the mother's marital status, a variable that may reflect the extent to which resources, both time and money, are available to her and her children.
The last set of variables regards the availability of health care services. These are district-5 or cluster-level averages of individual responses to a variety of questions about the use of such services as vaccinations for children up to the age of two; mother's knowledge of oral rehydration therapy; prenatal and birthing care by any medical professional and, in particular, a doctor; and use of modern contraceptive methods. We use these averages rather than the individual mother's or child's response to avoid the possible endogeneity of individual-level data on service use. Table 2 gives the mean for each regressor and its standard error. Table 3 gives the results for three regressions of children's height-for-age z-scores using the DHS data. The first is a basic regression; the second adds a time series trend to check whether the regressors in the first model successfully capture the trend found in Figure 1 . The third includes mother's height, a regressor that usually has a strong correlation with children's height for both genetic and phenotypic reasons, but which limits the sample to the last two rounds of the DHS data.
Controlling for other variables, children in Western region, generally regarded as less poor than either Eastern or Northern, are nevertheless significantly shorter than children in Eastern and Northern region, though not Central region, an anomalous result that has been noted elsewhere (Uganda Bureau of Statistics, 2001). Children living in rural areas are not significantly shorter than those in urban areas, again, holding all else constant. Household assets have a strongly significant correlation with children's heights. While this might seem obvious -richer households should have healthier children, other things equal -it is common to find only a weak correlation (Appleton and Song 1999; Haddad et al., 2003) . The coefficient suggests that a doubling of the asset index yields an increase of about 0.54 z-scores. Note that even though the asset index is not measured in monetary units, its 40 percent increase between 1988 and 2000 is quite similar to the 44 percent increase in GDP per capita over the same period. This 40 percent increase yielded an improvement of 0.24 z-scores.
The water supply variables are jointly significant (F 3,485 = 2.50), but only indoor taps and wells (at the 10 percent level) are individually significant. (Surface water plus "other water" is the base category.) These effects are rather modest, about 0.22 z-scores for piped water, which only very few households have in Uganda, and 0.08 z-scores for well water. Furthermore, note that in Model 3, this effect disappears (F 4,363 = 1.20 for all the water variables). We have checked that this is a function of the sample for this model, which excludes the 1988 data, not the inclusion of mother's height. Thus, the significant water impact in Models 1 and 2 is driven only by the 1988 data. Note, too, that the "other water" source is significantly larger in 1988 (Table 2 ) which may suggest that some sources were classified differently in that survey. Overall, we have to conclude that there is only modest evidence of a link between the household's principal water source and children's health. The same is true for the type of toilet. These variables are jointly insignificant in all three models. While the "other" category has a large coefficient, this accounts for a very small percentage of the toilet facilities in Uganda (Table 2) .
Such results are certainly counterintuitive, though they are not atypical for this sort of regression. Strauss and Thomas's (1995) review of the literature on health production functions notes that it is not uncommon to find that household water supply and toilet facility are not correlated with children's health variables. One possible explanation for such anomalous results is that these variables do not measure well what we expect them to measure. In particular, what makes children sick, and therefore causes them to grow more slowly, are pathogens in their environment. We assume that water from protected wells is less likely to be contaminated with such pathogens than is surface water, and that households with access to a latrine or flush toilet are also less likely to be exposed to pathogens, but that may be less so than we assume. Wells can be contaminated, for example, or people whose main source is a well may also use surface water at times. Similarly, latrines can be poorly constructed or maintained. In such cases, the advantages of these water and sanitation services may be less than we suppose.
Other things equal, girls are significantly taller than boys relative to the reference standards (which control for gender). Children of multiple births are far shorter than those from single births. And children are significantly more likely to be short relative to the reference standards as they grow older. All of these results are consistent with the literature on child growth in poor countries. Note that because age is included as a fourth-order polynomial, interpretation of its coefficients is not obvious. Figure 2 maps the predicted relationship based on the first model in Table 3 , along with a non-parametric regression of height-for-age on age. The polynomial approximation is clearly quite good. Predicted standardized heights decline dramatically --almost two z-scores --with age up to about 20 months, at which point they level off. As with children in other poor health environments, the cumulative impact of disease and poor feeding causes Ugandan children to fall behind the reference group of healthy children more or less continuously up to age two, and there is no sign of "catch-up" growth at older ages (Martorell and Habicht, 1986) . Except for mothers that did not complete primary school, mother's education has a significant relationship with children's heights. This steps up once for primary graduates, whose children are about 0.08 z-scores taller than children of mothers with no education, and again for secondary graduates, whose children are 0.21 z-scores taller. These results are also rather modest in absolute terms, especially since Uganda's greatest success in education has been the enrolment of more girls in primary school, while graduation rates have been disappointing. But as the regression results make clear, simply enrolling girls has no benefits for their children's heights when they become mothers. Girls must successfully graduate primary school to have even a small impact, while the larger gains are for the children of secondary school graduates, who remain quite rare in Uganda (Table 2 ).
Mother's age also has a significant relationship with children's height, though it is very small. Children of taller mothers also tend to be relatively taller. For each centimeter of mother's height, the child's z-score averages 0.02 higher. The interquartile range for mother's height is 8.1 centimeters, so moving from the 25 th to the 75 th percentile increases a child's height by 0.16 zscores on average, also a modest gain.
Mother's marital status has interesting impacts on children's heights. Compared to married mothers, those that were never married and/or separated from their husband (by divorce or death) have children who are about the same height, which is surprising. Children of mothers in polygynous households, however, are significantly shorter by about 0.08 z-scores, than children of never-married mothers.
The results for some of the health care variables are often counter-intuitive. Most have individually insignificant t-statistics, but an F-statistic for their joint significance does reject the null hypothesis that these variables are unrelated to children's heights. More puzzling, the vaccinations variables have the "wrong" sign. We believe that it is inappropriate to conclude that these services have a negative effect on children's heights. Rather, the high correlation between the health care regressors is confounding the estimates. It tends to be the case that districts with high rates of vaccination also have high knowledge of oral rehydration, high rates of tetanus toxoid injections during pregnancy, high rates of professional birth attendance, etc. This, combined with the fact that there is relatively little variation in these variables because they are district-level averages, leads to multicollinearity problems. Thus, while it would be interesting and useful to policy makers to be able to distinguish between the effects of tetanus toxoid injections vs. professional birthing assistance, etc., these data do not allow such fine analysis. Rather, we think that the best that we can do is sum up all of the health-care indicators, concluding that children in districts that have 100 percent vaccination rates, tetanus toxoid injections, professional prenatal and birthing care, knowledge of oral rehydration therapy, and modern methods of birth control would have children with z-scores that are, on average, 0.69 to 0.94 z-scores higher than children in districts with none of these services. These are by far the largest impacts that we find in this model, indicating that availability of basic health care is critical for lowering stunting rates in Uganda.
Impact on Stunting Rates
Regression coefficients such as those in Table 3 show the impact of the regressor on the expected value, or mean, of the dependent variable, other things equal. While this information is useful, policy makers' concern with children's height is usually focused on the lower end of the distribution, not the mean, i.e, they are concerned with stunting rates, typically defined as the share of the population below -2 height-for-age z-scores. Table 4 gives the actual rate of stunting for each of the DHS surveys along with predicted rates from various policy simulations. These simulations shift the mean expenditure by the amount predicted in the basic model of Table 3 and then recalculate the share of the sample below -2 z-scores. Thus, the assumption is that the distribution of heights shifts right while maintaining its observed dispersion. This is consistent with much of the research on improvements in height-for-age in populations (WHO, 1995) . With an eye toward the Millennium Development Goals, which are targeted for 2015, we simulate policy changes that seem feasible for that year. While there is no specific Millennium Development Goal for children's stature, there is one to reduce "hunger" by half. We might interpret this goal as aiming to reduce stunting, though it is clearly more general than that. Includes all changes except the 100% increase in secondary school graduation.
The first simulation assumes that household assets continue to accumulate until 2015 at the same average annual rate observed between 1988 and 2000. This has a significant impact on stunting, reducing it by 16 percent. Nevertheless, at just over one percent per year, it would take almost 100 years for asset accumulation alone to eliminate stunting in Uganda.
The second simulation assumes that all mothers have at least a complete primary education. Given the success of Uganda's Universal Primary Enrolment program, this seems a plausible simulation (Murphy, Bertoncino, and Wang, 2002) . Nevertheless, its impact on stunting is rather small, only a four percent improvement.
The third simulation assumes that by 2015, the rate of secondary school graduation among mothers is the same as today's primary graduation rate (about 22 percent). This too, has only a limited impact on stunting. Increasing secondary graduation rates to 100 percent, which clearly is overly optimistic for 2015, would have a much larger impact.
The fifth simulation assumes that all Ugandans have access to and use a basic health care package that includes professional prenatal care and birthing assistance, all recommended vaccinations, tetanus toxoid injections for pregnant women, and knowledge of oral reyhdration therapy. 6 This has a large effect on stunting, reducing it by 13 percent.
The sixth simulation assumes that all urban Ugandans have piped water in their homes, while all rural Ugandans have access to a well. This has only a small impact on stunting rates.
Finally, combining all of these simulations, stunting would fall by 36 percent to 0.26, a substantial improvement, but still short of the presumed goal of halving stunting by 2015.
The second regression in Table 3 adds a quadratic time trend to the model. Our interest here is to see whether the variables in the basic model adequately capture the trends in children's heights, or whether there are important unexplained factors that have caused them to change consistently in one direction over time. The trend variables are not significantly different from zero, so there no evidence that an unexplained trend in children's heights will help to improve the situation of child health Uganda.
Agricultural Modernization and Children's Health
In addition to the effects of standard health policy, there is concern in Uganda about how the Plan for Modernization of Agriculture (PMA) might affect children's health status. The PMA is a broad, multifaceted program (Ministry of Finance, Planning and Development, and Ministry of Agriculture, Animal Industry, and Fisheries, 2000) . Not all of its policy goals are easily analyzed with household survey data, but a key feature of the transformation of agriculture is that households should move out of subsistence farming into more commercial activities, on and off the farm, and into wage labor activities, possibly in the agricultural sector. In this section, we examine whether and how such changes might affect children's nutritional status. In particular, we address the concern that as households shift out of food crop production for their own consumption, children's nutritional status will suffer. Von Braun and Kennedy (1994) study this question for a number of countries, usually finding that this is not the case. However, no one has asked this question for Uganda, a gap that we now attempt to fill.
Because our interest is the impact of agricultural transformation on children's health status, we must change data sets to one that includes information on household incomes, the 1999 NHS. This survey also includes a variety of child, household, and community level data that are useful for modeling children's heights. Columns 1 and 2 of Table 5 give means and their standard errors for the data used. Note that these data and the regressions that follow are for rural households only, because our focus is on the PMA. Household income shares are divided into six income sources: home production of agricultural goods, agricultural sales, formal sector employment earnings, 8 informal sector employment earnings, profits from household enterprises, and other income. The latter is composed of imputed rents to owner occupied housing (31%), other rent and capital income (2%), remittances (24%), and inheritances, alimony, scholarships, pensions, and family allowances (43%). It is reasonable to ask why we should expect the source of household income to influence children's health after controlling for the overall level of income (through the per capita expenditures variable). The literature includes two main concerns.
9 First, income from home production is not fungible in the same way that other, cash, income is. As a result, a high proportion of homeproduced income may shift consumption patterns toward more food which, in turn, may improve children's nutritional status. Shifting toward more cash income, in turn, may shift consumption toward other things that, while increasing adults' utility, may harm children's growth prospects.
Figure 3 provides a simple example in which there are two consumption goods, food and nonfood. Assume that the household has two income sources, one exogenous source of cash and one from own-production/consumption of food. Also assume that the household can purchase food, but not sell it, and that nonfood items can be purchased, but not produced. In these circumstances, the budget constraint is kinked, turning vertical at the point where non-food consumption is equal to cash income. If the indifference curve is tangent to the budget constraint at this kink, then the household uses all of its cash income to buy nonfood items, and it consumes exactly the food that it produces, with no further purchases of food. In such a case, an increase in the share of home production in income will force an increase in the share of food in total consumption. This, in turn, may improve children's nutritional status. The second concern is that a shift toward greater cash income may shift control of resources away from women and toward men. This is because in some cultures, including in Uganda, men have more control over the marketing of agricultural production, while women have more control over home production (UPPAP, 2002) . If women place a higher value on children's health than men do, then shifting household income from home production to commercial sales may also reduce children's health status.
The child and parent characteristics are defined as in the DHS data and are self-explanatory.
The civil unrest variables are one if a community leader reported that there had been civil unrest, military conflict, or large-scale conscription in the time period indicated, and zero otherwise. Our interest here is to examine the possible costs in terms of child health of the periodic local conflicts that have plagued Uganda over the past decade, especially in the North.
The distance variables are self-explanatory. Our main interest is to identify the effect of distance to health care (the first variable) on children's well-being. However, we also include the other distance variables to control for the fact that distance to a health center might proxy for a variety of other factors associated with remoteness.
The health care characteristics are for the nearest public health center. The availability of various medicines is recorded as a dummy variable, while the log of the costs of fees and charges for malaria drugs and antibiotics are recorded in shillings. Table 5 presents regressions of height-for-age z-scores on child, household, and community characteristics. Columns 3 and 4 report an ordinary least squares regression. However, the income share variables may well be jointly determined with children's heights and so endogenous to this model. For example, households with unobserved characteristics such as a strong desire for healthy children may make occupational choices that are influenced by the value that they place on child health. If working closer to home permits greater attention to children, we may find that agricultural production or informal employment are positively correlated with children's health, but the relationship is not causal. Own production may not cause children to be healthier, but simply reflect the parents' underlying concern for child health. For that reason, the coefficients on income shares may be biased. To correct for such biases, we use two-stage least squares, reported in columns 5 and 6 of Table 5 . The instrument list includes the log of the value of household durable goods, land holdings, business assets, and livestock holdings; the logs of wages for men and women in the community, for agricultural and nonagricultural employment; the log of prices of agricultural inputs (hoes, plows, pangas, wheelbarrows, diesel fuel, engine oil, bulk fertilizer, and retail fertilizer) and of cotton and coffee prices; the ratio of harvest-to-planting season prices and the ratio of farmgate to market prices in the harvest season for each of the crops recorded in the survey.
The coefficients on income shares are constrained to sum to zero, so the estimated effect of an increase in any individual share must be equal and opposite to the sum of the effects of the other shares. The coefficient on own production is negative and significantly different from zero in the OLS regression. It is negative, much larger, but statistically insignificant in the 2SLS regression. These results run counter to the intuition discussed above: own production reduces children's heights, other things (including total expenditures) equal. By implication, larger shares of other other income sources increase children's heights. None of the other share coefficients are significantly different from zero individually, nor is any combination of four of the five remaining shares significant. Thus, we cannot say which income sources have a positive effect on children's health, but we do know that at least one must, and that own production has a negative effect.
Taken at face value, this is good news for the PMA, which aims to move farmers from home production to greater market sales. At a minimum, there is no evidence that, for a given overall expenditure level, shifts out of own production into commercial or wage activities worsens children's nutritional status. The OLS regression suggests the opposite, while the 2SLS regression yields similar results, but with less precision, so that they are not statistically significant.
Without a clear idea as to why less own-production should improve children's health status, we are reluctant to give these results too much weight. But there are plausible explanations of why a lower home-production share might lead to better child health. Returning to Figure 3 , it is possible that it is not so much food that is the key to better child health, but non-food purchases of other products like medicine or health care services. If that is the case, then relaxing the cash budget constraint by shifting to income sources other than home production could improve child health. We explored this possibility with the expenditure share most likely to improve child health: household health expenditures. However, in models similar to those in Table 5 with either the log of health expenditures per capita or the share of health expenditures in total expenditures as the dependent variable, the coefficient on own production is positive.
10 Thus, we are left without a convincing story as to why higher own production shares might lead to worsening health status. At a minimum, though, we have evidence to refute the notion that higher own production is good for children's nutritional status, similar to many of the results found in von Braun and Kennedy (1994) .
The coefficient on expenditures per capita, the measure of economic well-being that we use in this dataset, is positive and significant in the OLS regression, but much smaller and insignificantly different from zero in the 2SLS model. Even in the OLS regression, the impact is small, as in the DHS regressions. A four percent increase in expenditures per capita, roughly consistent with Uganda's annual growth rate in recent years, produces only a 0.007 increase in height-for-age z-scores. At this rate, average heights will be only about 0.1 z-scores higher in 2015 than they were in 2000. Note that this is very close to the impact of the asset index in the DHS regressions (0.11 z-scores). The 2SLS estimate, though, is only about one-third of this.
The relationship between a child's age and his or her height-for-age z-score is quite similar to that found in the DHS regressions shown in Figure 2 , although it flattens out at about 0.1 zscores higher in these data. Girls are also significantly taller than boys relative to the healthy standards, as in the DHS results. The regional pattern is not as distinct as in the DHS data. None of the coefficients is significant individually or as a group and, in particular, Western region is not significantly worse off than the other regions, though its coefficient remains negative. The coefficients on mother's education also differs from the DHS regressions. Neither it, nor father's education, nor mother's literacy are significantly different from zero, and the mother's education variables have the wrong sign.
In addition to these variables common to both the DHS and NHS surveys, the NHS includes several other variables of interest to policy makers, mostly collected at the community level. Only one of the civil unrest variables, for 1996/1997, is significantly different from zero. However, all five variables are highly correlated, which can easily bias the estimate for any one coefficient and its standard error. Taken as a group, civil unrest within the past eight years reduces average height-for-age by -0.34 z-scores in the OLS regression and -0.16 z-scores in the 2SLS regression. These are large impacts relative to many of the other regressors, highlighting the importance of peace for children's health.
Distance to the nearest public health center is negatively correlated with children's heights, but the difference is significant only in the OLS regression. None of the other distance variables is significant, though they all have the expected negative sign.
Except for the oral rehydration dummy in the 2SLS equation, none of the health center characteristics is significantly different from zero. However, these variables are also highly correlated with one another. Joint tests of both the quality characteristics -hours open per week and the existence of malaria drugs, antibiotics, ORT, and vaccinations -and the price variables --user fees and prices for malaria drugs and antibiotics -are both significant in each regression. Unlike most of the other effects that we have examined, the quality variables make a large difference in children's heights. Children whose nearest clinic stocks malaria drugs, antibiotics, ORT, and vaccinations are on average 0.55 z-scores taller than children whose nearest clinic stocks none of these (2SLS results). This suggests that public policy could significantly improve children's health status by improving the quality of health care. However, the first column of Table 5 shows that the vast majority of clinics already stock these items, or claim to. So the room for improvement is minimal. The cost variables are jointly significant, but both user fees and the cost of malaria drugs have the wrong sign, a problem that often occurs when prices are correlated with unobserved quality of care.
Conclusion
We have examined trends and determinants of Ugandan children's height-for-age z-scores, which is a good general measure of children's accumulated health status. As with infant and child mortality, which have received considerably more attention, Ugandan children's HAZs improved in the early 1990s, but then leveled off and actually declined significantly later in the decade. This is surprising and inconsistent with Uganda's continued economic growth in this period.
We have found a variety of policy variables to be significant determinants of children's health status in Uganda. Most important, a broad package of basic health care services --vaccinations, professional prenatal care (including tetanus toxoid injections), professional birth assistance, and access to oral rehydration therapy, modern contraceptives, malaria drugs, and antibiotics --has a large impact on children's heights, raising mean z-scores by between 0.35 and 0.94 z-scores when compared to having none of these services available. This, in turn, translates into appreciable declines in the rate of stunting. However, even these relatively large effects are not sufficient to eliminate stunting in Uganda, where children on average are one and a half to two zscores below the median of a healthy population of children.
Civil conflict also has a large impact on children's heights, with children living in communities that report civil unrest, military conflict, or large-scale conscription in the past eight years being 0.16 to 0.34 z-scores shorter than children in communities without these problems. Nevertheless, while eliminating such conflicts would have an important impact on children's health in the affected communities, especially in the North, Uganda's overall stunting rates will not decline by much even if all civil conflict is eliminated, because it is quite rare in most of the country.
Several other variables have statistically significant, but smaller, impacts on children's heights. For both the DHS and the NHS samples, proxy variables for income (assets and household expenditures) are highly significantly correlated with HAZs, but the size of the impact is small. Even at Uganda's relatively high growth rates, it would take nearly 100 years to eliminate stunting from the country if we were to rely on income growth only. Clearly, more direct policy interventions are in order.
We also find that the source of a household's income matters for its children's heights. Households with lower shares of own-production have shorter (or at least, no taller) children, even after controlling for income levels (and many other variables). Thus, the PMA's goal of moving Ugandans out of subsistence and into commercial agriculture is consistent with healthier children. This result is perhaps counter-intuitive, since one might think that changing from food production to other activities might worsen the nutritional status of a household's children. However, it is possible that consumption of purchasable goods and services like medicine and health care are more important to a child's growth than food intake, so that greater involvement in the market economy is on net beneficial for children. This is consistent with most of the results in von Braun and Kennedy (1994) , who address this issue in detail and in many countries.
Better-educated mothers have healthier children, a result that is similar to findings in many other countries. However, the gains for children of mothers who do not finish primary school are almost zero, and even for primary graduates, the gains are small. The largest gains for children's health are when their mothers graduate from secondary school. Given these results, the outcomes of Uganda's Universal Primary Education (UPE) initiative are not entirely promising. While UPE succeeded in getting most girls into school in a short period of time, relatively few of those girls have graduated primary school to date, let alone attend secondary school. So UPE's impact on the future health of Uganda's children is very limited, at least to date.
Finally, the most anomalous results in this study are for water and sanitation variables, which usually have no significant impact on children's heights. This is not uncommon in the literature, but it is counter-intuitive. One possible explanation for this is that these variables are not as good a proxy for the variable of interest -pathogens in the child's environment -as we assume. Piped and well water may be contaminated, and latrines may be poorly constructed so that the pathogen load in households with these services are not much lower than those for households without them. This is certainly a point that merits future research.
